Although overall smokers weigh less than never smokers, heavy smokers tend to weigh more than light smokers after adjusting for other factors, such as age and education. 6 Given that smoking and obesity are cumulative risk factors for certain diseases (eg, cancer, heart disease), this can lead to accumulated risk in some individuals. 5, 7, 8 Smokers who quit tend to gain weight, and thus, concerns about weight gain can affect smokers' success when attempting to quit.
Introduction
Smoking and obesity are two of the leading causes of death, and historically, an inverse association between smoking and weight has existed, such that smokers tend to weigh less than nonsmokers.
There are multiple mechanisms that can contribute to smokers gaining weight after quitting, including substituting food for cigarettes and experiencing a decrease in resting metabolism rates due to abstinence from nicotine. [14] [15] [16] Certain subgroups of smokers, including women, young adults, and people who are overweight/obese, tend to be particularly concerned about the consequences of quitting on their weight, and therefore possible weight gain is a barrier to quitting. 10, 12, 17, 18 It is possible that concerns about weight gain can influence smokers' use of cessation resources. One study found that although weight gain concerns did not predict treatment seeking among all smokers, it did predict treatment seeking among smokers who gained weight during a previous quit attempt, such that smokers who gained weight during a previous quit attempt were less likely to seek treatment. 19 Given that concerns about weight gain can affect how successful smokers are when trying to quit, there is a need to better understand how weight and perceptions about weight influence cessation outcomes during quit attempts.
Young adults, a subgroup of smokers who tend to be particularly concerned about the impact of quitting on their weight, are also a priority group for smoking cessation because quitting before the age of 30 can eliminate "97% of the excess mortality caused by continuing smoking." 20 To examine the associations between body weight, weight perceptions, and smoking outcomes, we used a sample of young adults (18-29 years old) who were participating in a textmessaging smoking-cessation intervention. Mobile health (mHealth) technologies are increasingly being used to deliver behavioral interventions as such interventions have the ability to reach large segments of the population in a cost-effective manner. 21, 22 Although 64% of all Americans own a smartphone, 85% of young adults between the ages of 18 and 29 own a smartphone, and approximately three-quarters of young adult smartphone owners have used their phone in the last year to get information about a health condition, 23 suggesting that young adults may be well suited to be reached through this platform. Having a better understanding of key factors that influence cessation outcomes (eg, weight gain concerns) may help to inform efforts to tailor text-messaging smoking-cessation programs.
Methods

Participants
The sample for this analysis consisted of participants in a 3-arm, randomized controlled trial that compared the National Cancer Institute's SmokefreeTXT program, a 6-week, text-message-based smoking-cessation intervention, to two modified versions of the program that varied in the types and number of messages sent. 24 The first arm included periodic cessation assessments and quit date reminder messages. The second arm included cessation assessments, quit date reminder messages, and 2 weeks of quit-date preparation messages. The third arm included the full SmokefreeTXT program; that is, cessation assessments, quit-day reminder messages, 2 weeks of pre-quit-date preparation messages, 6 weeks of post-quit-date motivational support, tips on preparing to quit, advice on managing cravings, suggestions of smoke-free activities, relevant smoking facts, and recognition of cessation milestones. None of the messages were about weight management.
The full sample, 4027 young adults, was used in this analysis. They were US smokers between the ages of 18 and 29 years old who were interested in quitting smoking in 30 days but who were not receiving treatment to quit smoking at the time. Recruitment strategies included online advertising and search ads via Facebook, Craigslist, Pandora, and Google, Yahoo! and Bing, and email recruitment via market research panels. 24 To enroll in the study, participants had to report having smoked at least five of the past 30 days and to have unlimited text messaging availability on their mobile phones. In addition to having to meet the inclusion criteria, participants had to complete a baseline survey. This study received Institutional Review Board approval from the National Cancer Institute.
Measures
To begin, participants completed a Web-based, self-administered survey at baseline. Their quit date was set for 2 weeks after the date they finished the baseline survey. They also completed additional surveys at 1 week post quit date (3 weeks), the end of the program (8 weeks), 3 months post-treatment (20 weeks), and 6 months post-treatment (32 weeks). Participants received $20 gift cards for each followup survey completed, for a total of up to $80. The baseline survey included questions about smoking history, demographic characteristics, psychosocial characteristics, and smoking status. The 3-week and 8-week surveys included questions about smoking attitudes, perceptions, and behaviors as well as engagement with the intervention. The 20-week and 32-week surveys focused on smoking attitudes, perceptions, and behaviors. The response rate for the 3-week survey was 74.7% (n = 3009), for the 8-week survey was 71.5% (n = 2881), for the 20-week survey was 66.4% (n = 2675), and for the 32-week survey was 64.4% (n = 2603). 25 Our primary dependent variable was the smoking status at the end of the program (ie, at 8 weeks), and the secondary dependent variables were the smoking statuses at post-treatment follow-up assessments (ie, at 20 weeks and 32 weeks). To assess smoking status, we asked the question "Have you smoked at all, even a puff, in the last 7 days?" Our primary independent variables were the participants' BMI category, weight perception, expectancies about smoking and weight; all of these independent variables were assessed at baseline. Participants' BMI was calculated using selfreported weight and height to categorize them as underweight, normal, overweight, or obese, the standard health risk classifications designated by the Centers for Disease Control and Prevention (see http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index. html#InterpretedAdults).
To assess expectancies about smoking and weight, we asked participants to rate the statement "Smoking cigarettes helps people keep their weight down" using a 5-point scale, with the responses (1) strongly agree, (2) agree, (3) neither agree nor disagree, (4) disagree, or (5) strongly disagree. This question was adapted from the Smoking Consequences Questionnaire. 26 We assessed weight perception with the question "Right now, do you feel you are overweight, slightly overweight, just about the right weight for you, slightly underweight, or underweight?" 27 Slightly underweight and underweight responses were collapsed into a single category, after confirming that they did not differ with respect to smoking outcomes, because of the small number of individuals in these weight categories.
We also assessed the following variables at baseline and controlled for them in multivariable models: age (in years), gender, household income, and daily smoker (yes/no). Household income categories were less than $35 000, $35 000-$70 000, and more than $70 000. Smokers were classified as daily smokers if they reported smoking every day over the past month, and as nondaily smokers if they reported smoking less frequently than that.
Analytic Procedures
We examined the associations between baseline BMI category and demographic characteristics using chi-square tests for categorical variables and analysis of variance (ANOVA) for continuous variables. We also assessed the bivariate associations among baseline BMI categories, weight perceptions, and expectancies about smoking and weight using chi-square tests. To assess the associations between the weight-related variables and smoking status, controlling for age in years, gender (male/female), income (<$35 000, $35 000-$70 000, $≥70 000), daily smoking status, and study arm, we constructed multivariable logistic regression models. In the primary analysis, participants who did not respond to the smoking status question at a given assessment point were categorized as smokers in those respective analyses. The 8-week, end-of-treatment smoking status analysis was the primary analytic time point. We also conducted a respondents only analysis as a sensitivity analysis; deviations of those results from the primary analysis are noted. All analyses were conducted using SAS 9.3 (Cary, NC). We conducted two-sided significance testing and considered a p value of less than .05 as statistically significant.
Results
Most participants were female (70.2%) and were daily smokers (80.3%). More than half had a household income of less than $35 000 (57.3%), and participants' mean age was 24.6 years (see Table 1 ). With respect to BMI, 5.1% of participants were classified as underweight, 42.0% were of normal weight, 24.6% were overweight, and 28.4% were obese. In bivariate analyses, participants in different BMI categories varied with respect to gender, age, and income; however, they did not differ by study arm or by percentage of daily smokers.
BMI Category and Smoking Status
Obese participants were less likely to report smoking at the end of the treatment period (8 weeks) than participants of normal weight, and this difference persisted over time (see Figure 1) . At 8 weeks, 74.2% of underweight, 68.2% of normal weight, 64.8% of overweight, and 60.7% of obese participants reported smoking. After controlling for covariates in multivariable logistic regression models, BMI remained a significant predictor of smoking status at 8 weeks. Specifically, those who were obese had 0.72 lower odds (95% CI: 0.62, 0.85) of reporting smoking than those of normal weight. This difference persisted across the follow-up assessments (ie, odds ratio [OR] for week 20 assessment: 0.69, 95% CI: 0.59, 0.82; OR for week 32 assessment: 0.73, 95% CI: 0.62, 0.86). When including only respondents (n = 2873, 2662, and 2601 at 8 weeks, 20 weeks, and 32 weeks, respectively), over time, the same pattern emerged for obese smokers compared to normal weight smokers (data not shown). At 8 weeks, participants who were overweight at baseline were marginally less likely than those who were of normal weight at baseline to report smoking (OR: 0.83, 95% CI: 0.69, 1.00), and underweight participants were more likely to report smoking than normal weight individuals (OR: 1.50, 95% CI: 1.05, 2.14); however, these associations became nonsignificant at 20 weeks and 32 weeks.
Weight-Related Perceptions
In multivariable logistic regression analyses, those who perceived themselves as slightly underweight/underweight were more likely to report smoking than those who reported being just about the right weight (OR: 1.53, 95% CI: 1.20, 1.95). Given the association between BMI category and weight perception (see Table 2 ), we ran a logistic regression model to also control for BMI category, and this 
Smoking Expectancy About Weight
Participants who were underweight or normal weight were more likely than those who were overweight or obese to agree with the smoking expectancy "Smoking cigarettes helps people keep their weight down" (see Table 1 ). Participants who strongly disagreed with this statement were less likely to report smoking at the end of treatment than those who neither agreed nor disagreed with this statement (OR: 0.69, 95% CI: 0.54, 0.87; see Table 3 ).
Discussion
In this study, which assessed the smoking status of a large sample of smokers between the ages of 18 and 29 who participated in a randomized controlled trial of a text-messaging cessation program, we found that those who were obese were less likely to report smoking at the end of the program than those of normal weight, with 60.7% of obese participants reporting smoking compared to 68.2% of normal weight participants. This increased likelihood of not smoking among obese participants compared to those of normal weight persisted over the 20-week and 32-week follow-up periods.
There is limited research that explores that association between baseline BMI and smoking cessation, and the studies that have been done have inconsistent findings. For example, one study found that among men, overweight and obese smokers had significantly higher cessation rates than normal weight smokers; however there were no significant differences in cessation outcomes for women by BMI. 28 In contrast, Swan and colleagues found that among women smokers, those with a higher BMI had the lowest abstinence rates; however, BMI did not predict smoking cessation among men. 29 A study of Quitline users found no significant associations between baseline weight and cessation outcomes. 30 Future research is needed to further explore the relationship between baseline body weight and cessation outcomes, and potential moderators of this relationship (eg, gender, age, past quit attempts) in a more nuanced way.
Weight perceptions were also associated with smoking rates at the end of treatment; that is, participants who perceived themselves to be slightly underweight/underweight were more likely to report smoking at the end of treatment than those who perceived themselves to be just about the right weight, even after controlling for BMI category. Also, those who strongly disagreed that people smoke to keep their weight down were less likely to report smoking than those who neither agreed nor disagreed with this sentiment.
There are different possible explanations for our findings. In terms of differences in smoking rates by BMI category, one possibility is that individuals of normal weight are more likely to smoke in part for weight control reasons and that experiencing an increase in weight following a quit attempt may result in a smoking relapse. Although we did not ask participants whether they were smoking for weight control, the expectancy about smoking and weight question ("Smoking cigarettes help people keep their weight down") did tap into this, and underweight (41.2%) and normal weight (40.6%) participants were more likely to agree or strongly agree with this statement than overweight (35.7%) and obese (28.3%) participants. This is consistent with other research that has shown that individuals with lower BMIs are more likely to be weight concerned. 31 Furthermore, those who strongly disagreed with the belief that smoking helped to keep weight down were more likely to be abstinent at the end of treatment. Individuals who do perceive a relationship between smoking cessation and weight gain might be more prone to relapse if weight gain occurs. 10 Another possibility is that obese smokers have co-morbidities (eg, cardiac disease) that increase their motivation to and efficacy in quitting smoking. However, the young age of the sample suggests this is unlikely. Obese smokers might be more likely to have been told by a physician that they should quit given their multiple risk factors for disease.
Although underweight smokers were not more likely to smoke than normal weight smokers in multivariable analyses, participants who perceived themselves to be slightly underweight/underweight were more likely to be smoking at the end of treatment and at subsequent follow-ups. It is possible that individuals who perceive themselves to be underweight are more concerned about their weight, and previous research has found that those who are more concerned about weight are more likely to relapse to smoking. 9, 32 Given the interconnectedness of smoking status and weight and the fact that cessation-related weight gain might result in relapse, weight-related quitting concerns are a factor that can be tailored within smoking-cessation programs. This might take the form of addressing concerns about weight gain (eg, increasing users' knowledge of what to expect in terms of weight change when quitting, assuring users that the health benefits of quitting smoking outweigh the potential risks of weight gain). For example, mindfulness techniques, such as being able to describe and give labels to one's feelings, in this case weight concerns, have been found to help reduce smoking episodes among weight-concerned smokers. 33 Cognitive behavioral therapy to address weight related concerns has also been found effective in increasing smoking abstinence rates. 34, 35 A substantial number of the participants who quit smoking within this trial were overweight or obese. As such, it is worthwhile exploring the connection between smoking and obesity-related behaviors as well as the potential benefit of encouraging smokers to adopt other health behaviors during a quit attempt. For example, integrating information about healthy eating and increased physical activity into text-messaging cessation programs may help to support weight maintenance or weight loss during a quit attempt. Given that many smokers in the general population are overweight or obese, 36 there is value in addressing related health risk behaviors with this population. Particularly among young adults (under the age of 30), smoking cessation and weight loss are often behavioral goals that are set simultaneously, 18 supporting the potential utility of interventions that facilitate multiple behavior changes. There is growing evidence supporting the effectiveness of multiple health behavior change interventions over single health change interventions. [37] [38] [39] While this study focused specifically on baseline BMI, future research can examine how multiple health behavior change interventions impact weight change and cessation outcomes.
This study had some limitations that warrant consideration. We used a convenience sample recruited for a cessation randomized controlled trial, and therefore, the findings may not be generalizable to all 18-to 29-year-old smokers or to the population of smokers as a whole. Also, that these analyses are based on self-reported data is another potential limitation, as both weight and smoking status are subject to response bias or error. Nonresponse rates for smoking status were relatively high, ranging from 28.5% to 35.5%. To assess the possible impact of nonresponse, two sets of analyses were conducted: one categorizing nonrespondents as smokers and another including only respondents. For the most part, findings from both analyses were consistent. Furthermore, we examined outcomes over multiple follow-up points and found that significant associations often held over time. However, this was a post hoc exploratory analysis and multiple comparisons increase the likelihood of a Type I error.
The findings from this study provide further evidence of the association between weight and smoking-cessation outcomes. Furthermore, these findings suggest that effective strategies for addressing smoking cessation and weight concerns are needed. Future research should continue to explore how post-cessation weight gain and weight expectancies affect smokers' quit attempts and changes in smoking status over time. This information can be used to help inform intervention development. mHealth cessation programs can be of particular value in this domain because they can be tailored to the individual. Data on weight, height, and weight-related perceptions and expectancies can be collected during enrollment, and using this information individuals can be sent messages tailored to their needs in an effort to strengthen the program's effectiveness.
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